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Abstract: The article presents the current state of
populations, morphological, biochemical (antioxidants)
and form diversity of Hippophae rhamnoides
L., Berberis integerrima Bunge and Crataegus
pseudoheterophylla subsp. turkestanica (Pojark.) K.I.
Chr. in the territory of the Zarafshan National Nature
Park (Republic of Uzbekistan). Against the background
of increasing anthropogenic impact, a decrease in the
number and density of individuals in the population,
incompleteness of age spectra with the absence
of pregenerative (seedlings, juvenile, immature),
generative (young and old generative) and senile
fractions, a shift in the sexual structure towards the
predominance of males were established. A significant
decrease in the diversity of H. rhamnoides forms is
shown by combining the qualitative and quantitative
morphological features of vegetative and reproductive
organs, organoleptic properties and antioxidant
activity. Two studied forms of B. integerrima were
distinguished. All samples of juices from the fruits
of Hippophae rhamnoides, B. integerrima and C.
pseudoheterophylla  subsp. turkestanica exhibits
antioxidant properties and reduces the model substrate's
oxidation rate by 2-5 times. The morphological forms of
B. integerrima and H. rhamnoides differ in antioxidant
activity. Among the forms of H. rhamnoides, samples
4, 5 and 6 have relatively high antioxidant properties.
Form No. 2 of B. integerrima demonstrates the high
antioxidant properties of the juice from the fruits.
Among the studied species, the juice from the fruits
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of C. pseudoheterophylla subsp. turkestanica has
relatively high antioxidant properties.

Keywords: anthropogenic impact, form diversity,
morphological  features, pregenerative, population,
senile fraction

INTRODUCTION

The conservation of plant biodiversity represents one
of the most urgent issues of our time. A substantial
contribution to this is made by specially protected natural
areas (SPNA), which serve as genetic reserves for the
diversity of rare and resource species. [Methodology...,
2020; Barlybayeva, Ishmuratova, 2020; Kholbutayeva et
al., 2020]. More than 300 species of vascular plants grow
on the territory of the Zarafshan National Nature Park
(ZNNP) [Kholbutayeva et al., 2020], including resource
(food, medicinal, vitamin, oilseed, etc.) species. However,
a change in the conservation status of SPNA towards
easing the forms of protection, as a rule, leads to an
increase in anthropogenic impact and, as a consequence,
a decrease in biodiversity and the loss of unique rare
forms. For over 30 years, Hippophae rhamnoides L.
populations have been studied in the ZNNP, formerly
known as Zarafshan Nature Reserve. The identification
of morphological forms based on the following
parameters: spinosity, shape, size and color of the fruit,
content of oil, carotenoids, vitamins, etc. [Kabulova,
Turdyeva, 2014]. Currently, studies are underway on
the current state of populations [[shmuratova, Kabulova,
Marmazinskaya, 2023] and reserves of H. rhamnoides
raw materials in the Zarafshan River valley [Erdonov
et all., 2023]. Many fruit and berry plants are both rare
species in various parts of their range and valuable
sources of vitamins, biologically active substances and
antioxidants. This significantly increases the need to
organize their protection to preserve the genetic material
of adapted populations that are promising for further
breeding work. Among such species, we can highlight H.
rhamnoides, Berberis integerrima Bunge and Crataegus
pseudoheterophylla subsp. turkestanica (Pojark.) K. I.
Chr., which are currently cultivated as crops, but their
populations in different parts of their ranges require
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comprehensive study and conservation. The work aims
to study the current state of morphological, antioxidant
and form diversity of populations of some resource plant
species in the territory of the ZNPP.

MATERIAL AND METHODS

Description of the study area. Population studies of
resource species and selection of forms were carried out
in 2023 on the territory of the ZNPP (Fig. 1), coordinates
latitude 39°36"21"N longitude 67°11'21"E. The objects
of the study were Hippophae rhamnoides L., Berberis
integerrima Bunge and Crataegus pseudoheterophylla
subsp. turkestanica (Pojark.) K. I. Chr. The Latin names
of the plant species described in this work are given
according to the World Flora Online.

On the territory of 3.5 hectares, 10 sample plots of
15 m? each were laid out. The age and sex structure of
H. rhamnoides populations, the number and density
of partial shoots in clones, and the degree and form of
anthropogenic impact were determined [Methodology.. .,
2020].

The identification of H. rhamnoides forms was carried
outbased on 17 qualitative and quantitative morphological
characteristics of vegetative (plant height (m), shape,
density and type of crown, angle of departure of the main
skeletal branches, thorniness, length of thorns (cm), leaf
colour) and reproductive (degree of fruiting, number of
fruits per node (pcs.), length of peduncle (mm), colour,
shape, length and width (mm), nature of separation,
weight of 100 fruits (g)) organs; organoleptic (taste) and
biochemical (antioxidant activity) characteristics of fruits
[Kabulova, Turdyeva, 2014]. Female plants in the middle-
aged generative state were selected. B. integerrima forms
were distinguished based on 9 qualitative and quantitative
morphological characteristics of vegetative (number
(pcs.) and length of shoots (m), length of thorns (cm) on
a shoot) and reproductive (number of fruiting clusters on
one shoot (pcs.), number of fruits in one cluster (pcs.),
fruit colour, length and diameter of fruit (mm), weight
of 100 fruits (g)) organs; and biochemical (antioxidant
activity) characteristics of fruit juice.

The office processing of the research results was
carried out in the laboratory of Reproductive Biology
and Plant Cloning of the Institute of Nature and Man of
the Ufa University of Science and Technology (UUNIT).
The determination of the antioxidant activity of the fruits
was carried out at the Department of Physical Chemistry
and Chemical Ecology of the Institute of Chemistry and
Protection in Emergencies of UUNiT.

Fruits of H. rhamnoides, B. integerrima and C.
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Figure 1. Location of Zarafshan State National Park
(Republic of Uzbekistan).

Note: The riverbed of the Zeravshan River is marked
in yellow, and the border of the national park is marked
in white.

pseudoheterophylla subsp. turkestanica was collected
from plants in their natural habitats during the ripening
period in October 2023 to determine their antioxidant
activity. The antioxidant activity of the juice was studied
using the example of a model reaction of initiated
radical chain oxidation of ethylbenzene (EB), which
is a good model substrate [Emanuel, Gal, 1984]. The
classic initiator, azodiisobutyronitrile (AIBN), was used
as an initiator of the oxidation process. The amount of
absorbed oxygen was measured using a highly sensitive
universal differential setup that allows measuring oxygen
absorption rates within 10-107 mol/L*sec [Garifullina
et al., 2022]. The experiments were carried out at 348 K.
The juice from the fruits was mechanically isolated and
passed through a filter to remove the solid phase. Various
volumes of freshly squeezed fruit juices were added to
the oxidized substrate in the reactor of the setup.

RESULTS

Previously, we studied the current state of H. rhamnoides
populations [Ishmuratova, Kabulova, Marmazinskaya,
2023] in the territory of the ZNPP. It was shown that the
age spectra of clones are incomplete, with the absence of
pregenerative (sprouts, juvenile, immature), generative
(young and old generative) and senile fractions. By now,
the number of females in these same populations has
significantly decreased (to 16-34 pcs.), and the proportion
of males has increased (to 11-89 pcs.). The change in the
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sex structure of H. rhamnoides populations towards the
predominance of males occurs against the background
of the intense anthropogenic impact associated with the
use of unacceptable methods of harvesting fruits: cutting
and breaking off fruiting branches. Such intensive use
of natural H. rhamnoides thickets is associated with a
change in the status.

ZNPP, where the main thickets of H. rhamnoides are
concentrated, is located in the southeastern part of the
Samarkand region along the Zarafshan river (Fig. 1). In
2018, based on the Resolution of the Cabinet of Ministers
of the Republic of Uzbekistan "On the organization of
the activities of the Zarafshan National Nature Park", the
protected area changed its status from the category of a

reserve to the category of a national nature park. In this
regard, there is currently an increase in anthropogenic
impact on unique tugai ecosystems in general, and on
communities with H. rhamnoides.

Earlier [Kabulova, Turdyeva, 2014] on the territory
of the ZNPP, which is the centre of distribution and
form diversity of natural H. rhamnoides thickets in the
republic, 17 morphological forms of H. rhamnoides were
identified. To date, only 6 forms of H. rhamnoides have
been identified based on a combination of qualitative
and quantitative morphological features of vegetative
and reproductive organs, and organoleptic properties
(Tables 1, 2). Important economically valuable qualities
for fruit and berry plants include the size of the crown,

Table 1. Morphological characteristics of vegetative organs of Hippophae rhamnoidesin the Zarafshan

National Nature Park (Republic of Uzbekistan).

Crown The angle of Length of
Plant .
Sample heioht divergence of Plant thorns on Leaf
number rﬁ ’ shape density skeletal thorniness  fruit-bearing  colouring
branches shoot, cm
. . o i i greenish-
1 2,7 spreading  very thick 35 silver-
2 3,5 conical average 45° weak 4,0-8,0 & gemsh-
silver-
3 4.5 oval average 40° weak 1,5-3,0 g e?enlsh—
silver-
4 43 conical average 45° average 3,5-4,0 g (?emsh—
silver-
5 42 oval average 45° strong 2,0-4,0 greenish-
silver-
6 47 conical thick 45° weak 2,0-3,0 green

Table 2. Morphological characteristics and organoleptic properties of the reproductive organs of Hippophae
rhamnoides in the Zarafshan National Nature Park (Republic of Uzbekistan).

Number Leneth Fetus
Sample of fruits ofg Weight
numger in one stalk.  colourin form length, width,  nature of  of 100 Taste
fruitbud,  ~ " & mm mm  separation fruits, g
pes.
1 4-6 0,2-0,3 red oval 0,5-0,6  0,45-0,5 wet 12,9 sour
2 4-6 03-04  yellow oval 0,6-0,7  0,5-0,6 dry 11,7 SW:SL’;‘“C‘
3 4-7 0305 YloW- o rindrical 0,608 04-0,5 wet 11,1 sour
orange
sweet and
4 6-8 0,2-0,4 yellow oval 0,5-0,7 0,5-0,6 wet 10,2 sour with
bitterness
5 3-6 0,3-0,5 orange oval 0,45-0,5 0,4-0,5 wet 8,2 sour
6 46 04-05 reddish oval 0,7-0,75  0,5-0,6 dry 13,7 sour
orange
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thorniness, number, size, and weight of fruits, the
content of biologically active substances and their
properties, and organoleptic properties. A description
of H. rhamnoides samples based on qualitative and
quantitative morphological features of vegetative
organs is presented in Table 1. The resource value of
the analyzed thickets is berry, and the degree of fruiting
of the plants is medium and high. The height of fruit-
bearing H. rhamnoides plants in the population varies
from 2.7 to 4.7 m. At the same time, tall (above 4 m)
plants and medium-sized (2.7-3.5 m) plants can be
distinguished. The crown shape varies from spreading to
oval and conical, and the crown density from medium to
dense and very dense. Of particular interest for breeding
work is the degree of thorniness: the population contains
plant forms from thornless (sample 1) to strongly thorny
(sample 5).

The morphological characteristics and organoleptic
properties of the reproductive organs of H. rhamnoides
are presented in Table 2. The number of fruits in one
node can vary from 4 to 8 pcs. A relatively high number
of fruits in one node is noted in sample 4. The colour of
berries varies from yellow to red (Fig. 2), and the shape
is oval and cylindrical. Taste qualities range from sour
to sweet and sour and sweet and sour with bitterness.
Sample 5 is characterized by relatively small fruits, and
sample 6 by relatively large ones. Weight of 100 pcs.
fruits is relatively high in samples 1 and 6 (12.9 and
13.7 g, respectively) and low (8.2 g) in sample 5.

Two morphological forms of B. integerrima (Table
3) were identified, differing in the morphological
characteristics of the vegetative and reproductive
organs, and the color of the fruits (Fig. 3). Form B.
integerrima No. 1 is characterized by red-burgundy
and relatively small fruits, form No. 2 - by black-violet,
relatively large and heavy (weight of 100 pcs.) fruits.

Figure 2. The colour of the fruits of Hippophae
rhamnoides is yellow (a) (sample 2), red (b) (sample 1).

Figure 3. Morphological forms of Berberis integerrima
No. 1 (a), No. 2 (b).

Hippophae rhamnoides, B. integerrima and C.
pseudoheterophylla subsp. turkestanica are valuable
food and medicinal plants containing a wide range of
biologically active substances, including vitamins and
antioxidants. The antioxidant activity of the fruit juices
of the studied species, estimated by the oxidation rate
of ethylenebenzene, is presented in Table 4. All samples
of fruit juices of the studied species demonstrate
antioxidant properties, reducing the oxidation rate of the
model substrate by 2-5 times. Juice from the fruits of C.

Table 3. Morphological characteristics of various forms of Berberis integerrima in the Zarafshan National
Nature Park (Republic of Uzbekistan).

Morphological feature (min-max) Form 1 Form 2
Number of shoots on a bush, pcs. 22-25 15-35
Length of shoots, m 1,1-1,5 1,5-1,8
Length of thorns on shoots, cm 1,2-4,5 0,7-4,9
Number of fruiting clusters on one shoot, pcs. 20-31 15-35
Number of fruits in one cluster, pcs. 20-31 16-33
Fruit color red-burgundy  black-violet
Fruit length, mm 7,0-7,4 7,7-8,5
Fruit diameter, mm 4,8-53 6,2-6,6
Weight of 100 fruits, g 4,5-13,0 22,0-26,0
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Table 4. Dependence of the oxidation rate of ethylenebenzene upon addition of juice from the fruits of Hippophae
rhamnoides, Berberis integerrima and Crataegus pseudoheterophylla subsp. turkestanica.

Type
sample number,

v * 106 mol/l*s (1)

Volume fraction of juice, ml(3)

@=0, ©=0,2
shape number 125 50

EB+AIBN® 8,00 8,00
H.rhamnoides sample 1 5,06 3,26
H.rhamnoidessample 2 5,69 4,03
H.rhamnoidessample 3 5,14 3,52
H.rhamnoidessample 4 4,38 2,16
H.rhamnoidessample 5 4,95 2,99
H.rhamnoidessample 6 4,79 2,55
B. integerrima form1 3,91 2,07
B. integerrima form 2 3,33 1,90
C. pseudoheterophylla subsp. turkestanica 2,58 1,52

Note: Ethylbenzene oxidation rate without additives and with juice additives. 2. Model reaction system consisting
of ethylbenzene (EB) and an initiator — azodiisobutyronitrile (AIBN). 3. The volume fraction of juice in the
reaction is equal to the ratio of the volume of juice in ml to the volume of the oxidized system (dimensionless

value)

pseudoheterophylla subsp. turkestanica has relatively
high antioxidant properties. When it is added in a volume
fraction of 0.25%, the oxidation of ethylbenzene slows
down by 5.3 times. Juice from the fruits of B. integerrima
turned out to be slightly weaker. The antioxidant activity
of the juice of the fruits of B. integerrima form 2 is higher
than that of form 1.

Among the forms of H. rhamnoides, samples 4, 5
and 6 have relatively high antioxidant properties. The
dependence of the effect of reducing the rate of EB
oxidation on the volume fraction in the reaction mixture
was established: the higher the volume fraction, the
higher the effect of inhibiting the oxidation reaction.
Thus, sample 4 of H. rhamnoides reduces the rate of the
oxidation process from 8.00¢10° mol/L to 2.164¢10¢
mol/L, i.e. almost 4 times.

The authors of the article declare no conflict of
interest.

CONCLUSION

Conservation of biodiversity of resource plant species
is a pressing issue of our time. An important role in this
regard is played by protected areas, where populations
of many native plant species are concentrated. Changing
the status of a protected area from a reserve to a national
or natural park leads to a decrease in the strictness of
protection and an increase in the anthropogenic load on
the communities and populations of protected objects.
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As a result, there is an increase in the exploitation of
ecosystems and a decrease in the level of biodiversity.

To date, inthe territory of the Zarafshan State Reserve,
against the background of intensified anthropogenic
impact, a decrease in intraspecific and population (age
and sex structure) biodiversity of H. rhammnoides is
observed. The surviving forms of H. rhamnoides are
individual in terms of the combination of qualitative
and quantitative morphological features of vegetative
and reproductive organs, organoleptic properties and
antioxidant activity.

All samples of juices from the fruits of Hippophae
rhamnoides, B. integerrima and C. pseudoheterophylla
subsp. turkestanica demonstrate antioxidant properties
and reduce the oxidation rate of the model substrate
by 2-5 times. The two studied forms of B. integerrima
also differ in antioxidant activity. Among the forms of
H. rhamnoides, samples 4, 5 and 6 have relatively high
antioxidant properties. Among the studied species, the
juice from the fruits of C. pseudoheterophylla subsp.
turkestanica has relatively high antioxidant properties.
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Mogqalode Zorofsan Milli Tobist Parkinin orazisinde
(Ozbokistan Respublikas1) Hippophae rhamnoides
L., Berberis integerrima Bunge va Crataegus
pseudoheterophylla subsp. turkestanica (Pojark.) K. 1.
Chr. novlerinin populyasiyalarinin moveud vaziyyati,
morfoloji, biokimyavi (antioksidant) forma miixtalifliyi
toqdim olunur. Artan antropogen tosir fonunda
populyasiyada fordlorin saymin vo sixliginin azalmasi,
yas spektrlorinin natamamlig1 ilo pregenerativ (ciicorti,
yuvenil, immatur), generativ (gonc vo yasl generativ)
va senil fraksiyalarinda cinsi qurulusun erkok fordlorin
dominantligina dogru doyismoesi miioyyan edilmisdir.
H. rhamnoides formalarimin miixtslifliyinds shamiyyatli
daracads azalmasi, vegetativ va reproduktiv orqanlarin
keyfiyyot vo komiyyat morfoloji xiisusiyyatlorinin,
organoleptik vo antioksidant aktivliyin birlosmasine
osaslanaraq gostorilmisdir. B. integerrima ndviiniin
iki morfoloji formas1 miisyyon edilmisdir. Hippophae
rhamnoides, B. integerrima va C. pseudoheterophylla
subsp. turkestanica meyvalorindon alinan biitlin siro
niimunolori antioksidant xlisusiyystlor niimayis etdirir
vo model substratin oksidlogsmo siirotini 2-5 dofo
azaldir. B. integerrima vo H. rhamnoides antioksidant
foaliyyati ilo forqlonir. H. rhamnoides formalari arasinda
4, 5 vo 6-c1 niimunalor nisboton yiiksok antioksidant
xususiyyastloro malikdir. B. integerrima ndviniiniin 2
némrali formasmin meyve sirasi yliksok antioksidant
xususiyyastlor niimayis etdirir. Todqiq olunan ndvler
arasinda C. pseudoheterophylla subsp. turkestanica
meyvalorindon alinan gira nisbaton yiiksok antioksidant
xiisusiyyotloro malikdir.

Acgar sozlar: antropogen tasir, forma miixtalifliyi,
morfoloji xiisusiyyatlar, pregenerativ, populyasiya, senil
fraksiya

IMonyasiuuoHHas, Mopdoornyeckas u
AHTHOKCHIAHTHASI XapaKTePUCTHKA BUIOB €
PeCYPCHBIM MOTeHIMAI0M 3apaduaHcKoro
HAIHOHAJBHOI0 MPHUPOTHOTO MapKa
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B crarbe oOcykmaercsi COBpEMEHHOE COCTOSHHE IIO-
mynsinuid, Mopdosoruyeckoe, Ouoxumudeckoe (aH-
THOKCUAAHTBI) (opmoBoe pazHooOpazue Hippophae
rhamnoides L., Berberis integerrima Bunge u Crataegus
pseudoheterophylla subsp. turkestanica (Pojark.) K.I.
Chr. BcTpeuarommxcss Ha TEPPUTOPUM 3apadIIaHCKOro
HaLMOHAJIBHOTO MpupogHoro napka (Pecryonuka Y3oe-
kuctaH). Ha ¢oHe ycueHust aHTpOrnoreHHOro Bo3ieicT-
BUS YCTAHOBJICHO CHIYKEHHE YUCICHHOCTH M TUIOTHOCTH
oco0eli B €THX MOIMYISLHUUSIX, HENOJIHOWICHHOCTh BO3-
PacTHBIX CIEKTPOB C OTCYTCTBHEM IIpPEreHEPaTHBHBIX
(IpOpOCTKH, IOBEHWIBHBIC, UMMATypHbIC), T'€HEpPaTHB-
HBIX (MOJIOIBIC U CTapble FeHEPaTHBHBIC) U CEHUIIBHBIX
(dpaknuii, cMeIIeHHEe IOJIOBOH CTPYKTYPhl B CTOPOHY
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npeobnaganust My>XcKux ocodeil. [lokazaHo cymiecTBeH-
HOE COKpalieHue paszHooOpasus dopm H. rhamnoides
[0 COYETaHUIO YYUTHIBACMBIX Ka4e€CTBEHHBIX W KOJIHU-
YECTBEHHBIX MOP(OJIIOTHYECKUX MPU3HAKOB BETETATHUB-
HBIX M PENPOLYKTUBHBIX OPTraHOB, OPraHOJICITHYECKIM
CBOICTBAM M aHTHOKCHJAHTHON aKTHBHOCTH. Bpinene-
Hbl 1Be Mopdonornueckue ¢hopmel B. integerrima. Bee
00pasipl COKOB M3 mionoB Hippophae rhamnoides, B.
integerrima u C. pseudoheterophylla subsp. turkestanica
MIPOSIBIISIIOT AHTHOKHUCIIUTEIBHBIC CBOMCTBA U CHUKAIOT
CKOPOCTb OKHCIJICHHMSI MOJEJBbHOrO cyoOcTpara B 2-5
pa3. Mopdonornueckue ¢opmel B. integerrima n H.
rhamnoides pa3nuyaloTcs MO IOKA3aTEIsIM AaHTHOK-
cuganTHoM aktuBHOCTH. Cpemu Gopm H. rhamnoides
OTHOCHUTEIIbHO ~ BBICOKMMH  AQHTHOKHCIHUTEILHBIMU
CBOWCTBaMU 00ManaroT o0pasusl 4, 5 u 6. Gopma Ne 2
B. integerrima neMOHCTPHPYET BBICOKHE aHTHOKHCIIH-
TeNbHbIE CBOMCTBA COKa W3 IUIOAOB. OTHOCHUTEIBHO
BBICOKMMH aHTHOKCHJIQHTHBIMH CBOMCTBaMH, CpEAu
HCCIICIOBAHHBIX BUIIOB, 00iamgaeT cok u3 ruiogoB C.
pseudoheterophylla subsp. turkestanica.

Knwuesvle cnosa: awmponocennoe  8ozoelicmaue,
gopmosoe pasnoobpasue, Mopgonozuueckue
0CobeHHOCU, Npe2eHepamueHasl, NONYIAYUS, CEHUTbHASA

dpaxyus





